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WHITE LIGHT LED 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims the priority benefit of Taiwan application serial no. 
93102094. filed Jan. 30, 2004. 

BACKGROUND OF INVENTION 
[0002] Field of the Invention 

[0003] The present invention generally relates to a white light LED. More particularly, 
the present invention relates to a wliite light LED for emitting a light comprising at 
least three or four different colors. 
[0004] Description of Related Art 

[0005] Light emitting diode (LED) is a semiconductor device being broadly used for 
light emission. The light emitting chip of the LED is generally comprised of III-V 
compound semiconductor such as gallium phosplude (GaP), gallium arsenide (GaAs), 
gallium mtride (GaN). The principle of light emission of LED is the transfomiation of 
electrical energy into photon energy, >vhich is performed by applying current to the 
compound semiconductor to generate electrons and holes. Ther6a:Eler, an excess 
energy is released by the combination of electrons and holes, and tlius the LED emits 
light. The lifetime of an LED is generally up to hundred thousand hours or more. In 
addition, it is not necessary to warm up the LED when it is turned on, thus tlie idling 
time is almost zero. Furthermore, the LED has the advantages of fast response speed 
(generally about 10'^ seconds), small size, low power consumption, low 
contamination (mercury free), lugh reliability, and the manufacturing process is 
suitable for mass production. The application of the LED is very broad, and wherein 
the most widely useful is the white light LED. Especially in recent years, since 
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lummous efficiency of the light emitting diode (LED) has been drastically enlianced, 
the white light LED may be applied as a light source in many electrical devices, such 
as, scanner, liquid crystal display (LED), or illmnination devices. In recent years, tlie 
conventional fluorescent lamp and incandescent bulb is gradually replaced by the 
white light LED. 

[0006] In general, a conventional white light LED may be classified into two types 
listed below. The first one is a white light LED composed by a plurality of 
monochromatic LED chips, wherein the white light is generated by adjusting the 
current flowing through each monochromatic LED chip. This type of white light LED 
may be further classified into white light LED using three wavelengths including red 
light, blue liglit and green light LED chips, and white light LED using two 
wavelengths including yellow light and blue light LED chips. The luminous 
efficiency of the first type white light LED is high, however, since a plurality of 
monochromatic LED chips need to be provided simultaneously, the cost is high. 
[0007J The second one is a white light LED composed by a blue light LED chip and a 
yellow inorganic fluorescent powder (or yellow organic fluorescence dye). The 
wavelength of tlie blue light emitting from the blue light LED chip is generally 
between 440 mn and 490 mn, and a yellow fluorescence is generated when the yellow 
inorganic fluorescent powder is illuminated by the blue light. In addition, after the 
yellow fluorescence is illuminated by the blue light emitting from the blue light LED 
chip, a white light is generated. The manufacturing process of the second type white 
light LED is much easier than tliat of the first type white light LED described above, 
and tlie cost is lower. Therefore, the second type white light LED is broadly used* 
However, it is noted that the luminous efficiency of the second type white light LED 
is lower tliaji tlie first type, and the white light of the second type white light LED is 
generated only by two. light (a blue light and yellow light). Therefore, the 
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perfonmince of the color rendering index and the color temperature of the second type 
white light LED is worse than that of the first type white light LED. 



SUMMARY OF IN VENTION ! 

I 

1 , 

[0008] Accordingly, die present invention is directed to a white light LED comprising 

j 

at least three or four different colors having higher luminous efficiency and better 
color rendering index. 
[0009] According to an embodunent of the present invention, the white light LED 

I 

I 

comprises an exciting light source, a susceptor, a sealing resinj and a fluorescent 

powder. The surface of the susceptor includes a pit, wherem tlie exciting light source 

i 

is disposed in the pit of the suscepior and electrically connected to the susceptor. A 
light leaving a wavelength in a range of about 250 am to about 490 inm is emitted from 
the exciting light source. The sealing resin is disposed over the stsceptor and covers 
over the exciting light source to fix the exciting light source over the svisceptor. 

j 

Furthermore, the fluorescent powder is disposed around the exciting Uglit source to 

j 

receive the liglit emitting from the exciting light source. The material of the 

i 

fluorescent powder includes, for example but not limited to,, (Tbi3-si-yCexRey)Al50i2, 



(Mei-x-yEuxRey)3Si05, YBOy.Co^^, YB03:Tb'^, SrGa204:Eu' 



.3+ 



.2+ 



SrAl204:Eu^^ 



(Ba,Sr)MgAl,oOi7:Eu^\ (Ba,Sr)MgAlioOi7:Mn^'", YaOaiEu^^ Y^OaiBi^^' 



(Y,Gd)203:Eu'% (Y,Gd)203:Bi'\ Y202S:Eu3^ YiOiSiBi'^ 



(Mei_,^Eux)ReS, 



BaMeAlioOi7:Eu 



2+ 



and 



6MgO,As205;Mn, Mg3Si04:Mn, 
(Ca,Sr3a)5(P04)3Cl:Eu^'^.Gd^*. I 
[0010] In one embodiment of the present invention, the above-described white light 

! 

* » 

LED includes, for example but not Iknited to. a pKU'ality of weldiiig wires electrically 

I 

! 

comiccted between the exciting light source and the suscepto4 Fmthermore, the 

I 

■ 

susceptor includes, for example but not linaited to, packaging leadframe or circuit 
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board. The exciting light source includes, for example but not limited to, LED chip or 
laser diode chip. 

[0011] In one embodiment of the present invention, the composition of tlie 
above-described fluorescent powder is optimized according to the wavelength of the 
light emitting from tlie exciting light source. For example, when the wavelength of tlie 
liglit is in a range of about 440 nm to about 490 nm, the fluorescent powder includes, 
for example but not limited to, (Tb3-x^yCexRey)Al50,2, (Mej.x.yEuxRey)3Si05, 



Y203:Eu^^ Y203:Bi'% (Y»Qd)203:Eu^^ (Y,Gd)303:Bi'^ YjOiSrEu"". Y202S:Bi"", 
(Mei.xEux)ReS, 6MgO,As205:Mn or Mg3Si04:Mn. Furthermore, for example, when 
the wavelength of the light is in a range of about 2S0nm to about 440nm, the 
fluorescent powder includes, for example but not limited to, (Tb3.x-yCexRey)AlsOi2t 
(Mei.x-yEu^Rey)3Si05, YB03:Ce^% YBOsiTB^''. SrGa204:Eu^^, SrAl204:Eu^\ 
(Ba,Sr)MgAlloOl7:Eu^^ (Ba,Sr)MsAl,oOi7:Mn^^ YiO^iEu^'', Y.OsrBi^^ 
(Y,Gd)203:Eu^^ (Y,Gd)203:Bi-'^ Y202S:Eu^% YaOaSrBi^'', (Me,.^EUx)ReS, 



:3i- 



.3+ 



:3+ 



6MgO^S205:Mn, 



Mg3Si04:Mn, 



BaMgAlioOiy^EU 



2+ 



or 



(Ca.Sr3a)5(P04)3Cl:Eu^^Gd^\ 



[0012] In one embodiment of the invention, in the above-described fluorescent 
powder material (Met-x-yEUxRey)3Si05 0<x£O.S and OSy^2.0. Furthermore, Me 
includes, for example but not limited to, calcium, strontium or barium. The Re 
includes, for example but not limited to, praseodymium (Pr), rubidium, samarium 
(Sm), dysprosium (Dy), holmiimi (tlo), yttrium, erbium (Er). europium (Eu), thulium 
(Tm), ytterbium (Yb), chromium, strontium, lutetium (Lu), gadolinium (Qd), zinc or 
aluminum. 

[0013] In one embodiment of tlie present invention, the white light LED flirtber 
includes a light emitting diode (LED) chip for emitting a light liaving wavelength in a 
range of about 250 nm to about 490 nm. The LED chip may be provided as the 
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exciting light source of the above-described white light LED. The LED chip includes, 
for example but not limited to, a substrate^, a nucleation layer, a conductive buffer 
layer, a first confinement layer, a light emitting layer, a second confinement layer, a 
contact layer, an anode electrode and a cathode electrode. The nucleation layer and 
the conductive buffer layer are disposed over tlie substrate sequentially- The first 
confinement layer is disposed over the conductive buffer layer, wherein the type of 
the doping mateiial of the first confinement layer and tliat of tlie conductive buffer 
layer are the same, and the type of the doping material may be P-type or N-type, The 
light emitting layer is disposed over the furst confmement layer, and the second 
confinement layer is disposed over the light emitting layer The type of the doping 
material of the second confinement layer and that of the first confinement layer are 
not the same. The contact layer is disposed over the second confmement layer, and the 
contact layer may includes periodic and modulated doped semiconductor material, 
including, for example, but not limited to, P-type strained layer superlattice (SLS) 
structure doped with magne$imn, zinc, beryllium, cadmium (Cd), calcitun, or carbon 
or N-type strained layer superlattice (SLS) structure doped with silicon, germanium, 
antimony, tin, phosphorous, or arsenic. The anode electrode is disposed over tlie 
contact layer. The cathode electrode is in contact with tlie conductive buffer layer and 
isolated fi"om the first confmement layer, the second confmement layer, tlie light 
emitting layer, the contact layer and the anode electrode. 

[0014] In the above-described LED chip, the conductive type of the second 
confinement layer and that of the contact layer may be different, wherein the 
conductive type of the contact layer may be P-type or N-type. Furthermore, the 
conductive type of the anode electrode and that of the contact layer may also be 
different, wherein the conductive type of the anode electrode may be P-type or N-type. 
[0015] Accordingly, in the wliite light LED according to an. embodiment of the 
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present invention, a LED chip (or laser diode chip) for emitting a light having 
wavelength in a range of about 2S0 nm to 490 nm is provided as the exciting Uglit 
source. Moreover> at lea^t a fluorescent powder or a mixture thereof is used to 
generate, for example but not limited to, yellow, red, green or blue fluorescence. The 
generated fluorescence such as the yellow, red, green or blue fluorescence is mixed 
witli the exciting light of the exciting light source to generate the white light. The light 
emitting from the wliite ligl.it LED is composed of mixed light comprising at least 
three or four different colors, thtis the white light LED has a higher lurninous 
efficiency and a better color rendering index. 

[0016] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 



BRIEF DESCRIPTION OF DRAWINGS 
* [0017] The accompanying drawings are included to provide a further understanding 
of the invention, and are incotporated in and constitute a part of this specification. The 
following drawings illustrate embodiments of the invention and, together witli tJae 
description, serve to explain the prmciples of the invention. 

[0018] FIG 1 is a drawing schematically illxistrating a white light LED according to 
one embodiment of the present invention* 

[0019] FIG 2 is a drawing schematically illustratmg a white light LED according to 
another embodiment of the present invention. 

[0020] FIG 3 is a cross-sectional view schematically illustrating a LED chip 
according to one embodiment of the present invention. 

[0021] FIG 4 is a diagram illustrating an emission spectrum of a white light LED 
according to one embodiment of tlie present invention. 
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[0022] FIQ 5 is a diagram illustrating an emission spectrum of a white light LED 
according to another embodiment of the present invention. 

[0023] FIQ 6 is a diagram illustxating an emission spectrum of a white light LED 
according to yet another embodiment of the present invention. 

DETAILED DESCRIPTION 

[0024] Tlie present invention now will be described more fiilly hereinafter with 
reference to the accompanying drawings, in wliich preferred embodiments of the 
invention are shown. This invention may, however, be embodied in many different 
forms and should not be consirued as limited to the embodiments set forth herein; 

» 

rather, these embodiments are provided so that this disclosure will be thorough and 
complete, and will ftilly convey the scope of the invention to those skilled in the art, 
Lilce numbers refer to like elements throughout. 

[0025] FIG 1 is a drawing schematically illustrating a white liglit LED according to 
one embodiment of the present invention. Referring to FIG 1, the white light LED 
100 comprises, for example but not limited to, a packaging leadframe 110, a LED 
chip 120 and a sealing resin 130. The packaging leadframe 110 includes, for example 
but not limited to, a first contact 1 12a, a second contact 11 2b and a pit 110a, The LED 
cliip 120 is disposed in the pit UOa by an adhesive glue 140. Furthermore, the LED 
chip 120 has an anode electrode 122a and a cathode electrode 122b electrically 
connected to a first contact 112a and a second contact 112b of the packaging 
leadframe 110 by a welding vnro 150 respectively. The sealing resin 130 covers over 
the LED chip 1 20 to mount the LED chip 120 in the pit 1 1 Oa. 

[0026] Referring to FIG 1, tiie LED chip 120 may emit, for example but not limited 
to, an exciting light 124, The sealing resin 130 is doped with, for example but not 
limited to. fluorescent powder 132, wherem a portion of tlie exciting light 124 emits 
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out via tlie sealing i-esin 130, and the other portion of the excituig light 1 24 absorbed 
by the fluorescent powder 132. The fluorescent materials in the fluorescent powder 
132 is excited by tlie exciting light 124, md thus a fluorescence 134 is generated by 
the energy transition of the electi'ons, TIaerefore, a white liglit is generated by mixing 
the exciting light 124 and the fluorescence 134 in the white light LED 100, 
[0027] Furthermore, in another embodiment of the present invention, the; 
above-described packaging leadfirame of the white light LED may also be replaced by 
a circuit board, FIG 2 is a drawing schematically illustrating a white light LED 
according to anotlier embodiment of the present invention. Referring to FIG. 2, tlie 
white light LED 200 comprises, for example but not limited to, a circuit board 210, a 
LED chip 220 and a sealing resm 230. The LED chip 220 is disposed in a pit 210a on 
the circuit board 210 via an adhesive glue 240, and is electrically connected to the 
circuit board 210 by lead bonding. The sealing resin 230 is, for example but not 
limited to, doped with the fluorescent powder 232 and the sealing resin 230 covers 
over the LED chip 220. Tlie connection relationship of the elemeiits and the functions 
thereof of FIG 2 are similar to lhat of the embodiments of FIG 1 described above and 
thus FIG 1 may be talcen as a reference. 

[0028] Moreover, in the embodiments of FIGS. 1 and 2, the two electrodes are all 
disposed on tlie LED chip on the top. 

[0029] However, in anotlier embodiment of the present invention, tlie two electrodes 
may also be disposed on tlie LED chips on the top and at the bottom respectively. In 
addition, the connect method between the LED chip and the packagmg leadframe or 
the circuit board may vary with the position of the electrodes. 

[0030] FIG 3 is a cross-sectional view schematically illustrating a LED cliip 
according to an embodiment of the present invention. Referring to FIG 3, the light 
emittmg diode (LED) chip comprises a substrate 300. The substrate comprises, for 
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example but not limited to, silicon, sapphire, silcon carbide (SiC), 2inc oxide (ZnO), 
gallium phosphide (GaP), gallium arsenide (OaAs), aiumixium oxide (AI2O3) substrate 
or other applicable substrate. Thereafter, a nucleation layer 310 is fomied over tlie 
substrate 300. The nucleation layer 310 may be comprised of, for example bxit not 
limited to, AluInyGaj-u-vN (u,v>0; 0<u+v^l), 

[0031] The conductive buffer layer 320 may be comprised of, for example but not 
limited to, AlcIndGai^c^dN (c,d>0; 0^c+d<l). In general, it is difficult to form a high 
quality P-type or N-type gallium nitride (OaN) based epitaxial layer on the substrate 
directly since the lattice mismatch between the P-type or N-type galiiura nitride (GaN) 
based semiconductor and the substrate described above is very large. '^Therefore, 
gallium nitride (GaN) based compound semiconductor(s) such as a nucleation layer 
310 and buffer layer 320 is previously formed. In the embodiment, the N-type 
AlcIndGaiH>dN is provided as the buffer layer 320 to enhance the qtiality of the 
crystals grown in tlie following gallium nitride (GaN) based compound and the yield 
of the production. 

[0032] Thereafter, a first confinement layer 330 is formed on the buffer layer 320, 
wherein the first confinement layer 330 may be comprised of gallium nitride (GaN) 
based HI-V compound including, for example but not limited to, doped N-type 
AlxInyGai-x-yN Cx,y>0; 0^+y<l; x>c). The selection of N-type doping material is 
well known to those skilled in the art and will not be described herein. 
[0033] Thereafter, an active layer 340 (or called a light emitting layer) is formed over 
the first confinement layer 330* The active layer 340 may be comprised of gallium 
nitride (GaN) based III-V nitride compound. In the present embodiment, the active 
layer 340 may be comprised of doped or ujidoped AlalnbGai-^-bN/AlxInyGai-x-yN 
(a,b>0; 0<a+b<l; x,y>0; 0<x+y<l; x>Oa) quantum well structure, and the doping 
material thereof may be N-type or P-type materials. The selection of tlie N-type or 
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P-type doping Diaterial is well knowD to tliose skilled in the art and will not be 
described. 

[0034] Further, a second confinemcint layer 332 is formed over the active layer340. 
The second confinemejit layer 332 may be comprised of gallium nitride (GaN) based 
III-V compound including, for example but not limited to, doped P-type 
AlxInyGai-x^yN (x,y>0; 0:Sx'f-y<l ; x>c). The selection of the P-type doped material is 
well known to those skilled in tlie art and will not be described herein. The N-type or 
P-type active layer 340 is sandwiched by the first confinement layer 330 and the 
second confinement layer 332. Tlie compositions and the ratio thereof of tlie materials 
composed in tlie layers including the gallium nitride (GaN) based III-V compound, 
and the selection of the doping material tliereof described above may be adjusted, and 
that ba^ been described in the embodiments of tlie invention may not be used to limit 

■ 

the scope of the inventioti. 

[0035] Thereafter, a contact layer 350 is formed over the second confmement layer 
332. The contact layer 350 may be comprised of, for example but not limited to, HI-V 
compound having an extremely high carrier concentration such as strained layer 
superiattice (SLS). The strained layer superlattice (SLS) may be comprised of, for 
example but not limited to, gallium nitride (GaN) based III-V compound such as 
Al„InvGai-a.vN/AlxInyGai.x-yN SLS (u,v^; 0^i-Hv:Sl; x,y^O; 0<x^It<1; x>u). The 
strained layer superiattice (SLS) of the embodiment may be a modulation doped SLS, 
wherein the doping material may be N-type or P-type. In one embodiment of the 
invention, a P-type doping material is preferred. 

[0036] Next, a cathode electrode 362 is fonned over the biiffer layer 320 apart from 
the first confmement layer 330, the second confmement layer 332 and tlie active 
layers 40. The cathode electrode 362 may be comprised of. for example but not 
limited to, Cr/Au. Cr/Pt/Au, Cr/WSiN/Au, WSix/Au, Ti/Six/Au, Ti/Au. Ti/WSi,/Au, 
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Ti/Al/Cr/Au, Ti/Al/Co/Au, Cr/Al/Cr/Au, Cr/AJ/Pt/Au, Cr/Al/Pd/Au. Cr/AI/Ti/Au, 
Cr/Al/Co/Au, Cr/Al/Ni/Au, Pd/Al/Ti/Au, Pd/Al/Pt/Au, Pd/AI/Ni/Au, Pd/Al/Pd/Au.. 
Pd/Al/Cr/Au, Pd/Al/Co/Au, Nd/Al/Pt/Au. Nd/Al/Ti/Au, Nd/Al/Ni/Au, Nd/Al/Cr/Au 
Nd/Al/Co/A, Hfi^AI/Ti/Au, Hf/Al/Pt/Au, Hf/Al/Ni/Aii, Hfi^Al/Pd/Au, H&Al/Cr/Au, 
Hf/Al/Co/Au, Zr/Al/Ti/Au. Zr/Al/Pt/Au. Zr/Al/Ni/Au, 2r/Al/Pd/Au, Zr/Al/Cr/Au, 
Zr/AiyCo/Au, TiNx/Ti/Au, TiNx/Pt/Au, TiNx/Ni/Au, TiNx/Pd/Au, TiNx/Cr/Au, 
TiNx/Co/Au TaWNx/Ti/Au, TiWNx/Pt/Au, TiWNx/Ni/Au> TiWNx/Pd/Au. 
TiWNx/Cr/Au, TiWNx/Co/Au. NiAl/Pt/Au, NiAyCr/Au, NiAl/Ni/Au, NiAVTi/Au, 
Ti/NiAl/Pt/Au> Ti/KiAl/Ti/Au, Ti/NiAI/Ni/Au or Ti/NiAl/Cr/Au or other applicable 
material. The cathode electrode 362 provides an excellent obmio contact with the 
conductive buffer layer, and thus the contact resistance is reduced. 
[0037] Tliereafter, an anode electrode 360 is formed over the contact layer 350. The 
anode electrode 360 may be comprised of, for example but not limited to, a thm metal 
comprised of such as Ni/Au, TiN, Pd/Auypt/Au, or N-type transparent conductive 
oxide (TCO) layer such as indium tin oxide (ITO). cadmium tin oxide (CTO), ZnOiAl. 
ZnO:In, ZnO:Ga, ZnGa204, SnOirSb, Ga203:Sn, AglnOiiSn or LisO^iZn, or P-type 
TCO such as CuAlOa. LaCuOS, NiO, CuGa02 or SrCu202. 

[0038] Accordingly, the emitting wavelength of the light emitting diode (LED) chip of 
the invention is in a range of, for example but not limited to 250 nm to 490 rnn. The 
fluorescent powder includes, for example but not limited to, yellow light - auercaQ e nl 
. powde Fvellow-light fluorescent materials , rod light — flHorescont powdcrred-light 
fluorescent materials , g r no t i W^hf nnr^yflg oe nt powd e f green-light fl uorescent materials , 
hhm l i f h t flunr ft j^o a nt powd e rb lue-licht fluorescent mateiials or a power mixing 
thereof The yp44 ^w . li^ht flnorMoont powd ^ fvellow4ifiht fl uorescent materials may be 
comprised of. for example but not limited to, (Tb3.K-yCexRey)AlsOi2 or 
(Mci.x-yEuxRey)3Si05. The ^^=^^-»i.. ^iir^r ft r . r: a i a4 ^wflf > rred-liP^^ fluoresceut materials 
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may be comprised of, for example but not limited to, Y203:Eu^'^, YnOsiBi^^, 
(Y,Gd)203:Eu^^ (%Gd)20^:Bi^^ Y202S:Eu^\ Y202S:Bi^^ (Mei.xEuJReS and 
6Mg0,As2O5:Mn, MgaSiO^iMn. The gr e en light fluor e ac o nt - p Q wd<» r green-licLht 
fluoTe<;cent materials may be comprised of» for example but not limited to, YBOsiCe^^ 
YBOjiTB^^ SrGa204:Eu^\ SrAl204;Eu^^, (Ba,Sr)MgAlioOi7:Eu-'' and 
(Ba,Sr)MgAlioOi7: Eu2>In^'**., The to^f^^ fl w aroscent powd e r blue^Haht fluorescent 
materials may be comprised of, for example but not limited to, BaMgAl|oO|7:Eu- 
and (Ca,Sr,Ba)5(P04)3Cl:Eu^"',Gd^''. Wlierein 0<x^0.8, and 0;<y <2.0. Wherein 0<x 
£0.8, and 0^y^2,0. Tlie Me comprises calcium, strontium, barium. The Re 
comprises praseodymium (Pr), rubidium, samarium (Sm), dysprosium (Dy), holmium 
(Ho), yttriiwi, erbium (Er), europium (Eu)> thulium (Tm), ytterbimn (Yb), chromium 
(Cr), strontium (Sr), lutetium (Lu), gadolinium (Gd), alumimim (Al), or zinc (Zn). 
[0039] It is noted diat the emission spectrum of the white light LED of the present 
invention is dependent on the wavelength (frequency) of the exciting light and the 
corresponding fluorescent powder, and will be described by a plurality of 
embodiments hereinafter. 

[0040] In one embodiment of the invention, the wavelength of the exciting light is, for 
example, between about 440 nm and about 490 tma. It is noted that, when the LED 
chip is a blue light LED chip having a wavelength between 440 nm and 490 nm, the 
fluorescent powder is generally comprised of, for example but not limited to, a 
fluorescent material havmg a lower excitation energy state such as yollow light 

i-e fyellow-light fluorescent materials or rod light —fluor e sc e nt 



pawde fred-light fluorescent materials . FIG 4 is a diagram illustrating an eniission 
spectrum of a white light LED according to one embodiment of the present invention. 
Referring to FIG 4, the fluorescent powder may be comprised of, for example but not 
limited to, 92% y ^ il^i i r li^tK i Ulnnr ft flfiftnt - p ftwd^ yvellow-liglit fluorescent materials 
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such as Tb3(Al.Si)sO]2:Gcl'^Ce='^Y^^Dy^■' and 8% rod light fluoroooont 
powd e r red-Iiglit fluorescent materials such as (Sr,Ca)ReS:Eu"' - Therefore, the 
wavelength of tlae blue exciting light of the LED cliip is near about 470 rnn. Tlie 
wavelength of the yellow fluorescence 410 generated by the yoUow light fluor e aoent 
powd e r vellow-light fluorescent materials is between about 540 nm to about 580 nm. 
The pealc value of the wavelengtli of the red fluorescence 420 generated by the fed 
light fluoroooont powdG r red-light fluorescent materials is near about 610 nm. 
Thereafter, a wliite light is generated by mixing the blue exciting light, the yellow 
fluorescence and the red fluorescence, and tlie white light has a high color rendering 
index since it is generated by thiee color lights. Thus, the white light LED of the 
present invention provides the advantages of the second type white light LED. 
[0041] In the above-described embodiment, the emission spectrum of the white light 
LED may be tuned by fixing tlie type of the fluorescent powder and adjusting the 
composition of each component material. For example, if the fluorescent powder is 
comprised of 20% y e llnw ligk ^- uorescent pow£l e fyellow-Iigbt fluorescent materials 
such as Tb3(Al,Si)50J2rGd^^Ce^^Y^'',D/'' and 80% tod light fluor es ac e nt 
powde yred -light fluorescent materials such as (Sr,Ca)ReS:Eu^'^s the wavelength of the 
blue exciting light of the LED chip is about 450 nm. Tlierefore. after die exciting light 
is emitted, the light intensity of the red fluorescence emitting from tlie r e d liglit 
■ fluoTQ3G D nt pQwdo r red-Iieht fluorescent materials is higher than that of the yellow 
fluorescence emitting from the y e llow ligh t — fl unranG e nt — p eyi^de fvell o w4ight 
fluorescent materials . Therefore, a high intensity pink light is generated after the 
mixing of lights. 

[0042] In another embodiment of the invention, the wavelengtli of the exciting light is. 
for example, between about 395 nm. and about 440 nm, FIG 5 is a diagram illustrating 
an emission spectrum of a white light LED according to another embodiment of tlie 
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present invention. Referring to FIG 5, tlie fluorescent powder is comprised of, for 
example but not limited to, yollow light fiuor e so e nt powd e rv el low-light fliioTcscent 
materials such as Tb3Ai50i2:Gd^^ Ce^^Y^'*', 81381 OsiEu^*^, groon light fluotofloont 
pQwdo fgreen-light fluorescent materials such as SrAl204:Eu^^ (Ba^Srh.sSiOstEu^'*"^ 
red fluorescent powder such as (Sr,Ca)ReS:Eu"^, Mg3Si04:Mn and blue — li ght 

fluoreaoent TX)wde r blue-light fluorescent materials such as 

(Ca,Sr3a)5(P04)3Cl;Eu^ ',Gd^^. Tliereafter, a blue violet light having a wavelength of 
about 40S nm is provided a$ the exciting light. After the exciting light is absorbed by 
the blue light fluoroaoont powdo r blue-light fluorescent materials, a blue fluorescence 
5 1 0 having a wavelengtli of about 460 nra is emitted. Likewise, a green fluorescence 
520 having a wavelength about 520 mn is emitted firom the green light fluoresc e nt 
pnwd a y pregn-l i p h t fluorescent materials afler the exciting liglit is absorbed. A red 
fluorescence 540 having a wavelength about 610 nm is emitted from tlie rod light 
■ fl uorosoont powd e r red-light fluorescent materials after the exciting light is absorbed. 
Furthermore, a yellow fluorescence 530 emitting from the yellow light fluorescent 
pewde fvellow-Iip:ht fluorescent materials by absorbing a portion of the blue 
fluorescence emitting from the blue light fluor e geent -pQwd ^blue-light fluorescent 
materials . Therefore, a white light is generated by mixing the red fluorescence, the 
blue fluorescence, the green flxiorescence and the yellow fluorescence generated by 
the blue violet exciting light The wliite light has an excellent color rendering index 
since it is generated by at least four different colors* 

[0043] In another one embodiment of the invention, the wavelength of the exciting 
light is. for example, between about 250 nm and 395 nm. FIG 6 is a diagram 
illustrating an emission spectrtun of a white light LED according to yet another 
embodiment of the present invention. Refei-ring to FIG 6, tlie fluorescent powder is 
comprised of y a llnw light flunr e ficont pQw d e F Yellow^-lipht fluorescent materials such 
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as Tb3Al50i2:Gd^,Ce^'^,Y''*\ SraSiOscEu^^ gr e en lieht fluor e go e nt - pQw ge F greenili^ 

flu orescent materials siich as (Ba,Sr)2.sSi05:Eu-^ (Ba,Sr)MgAlioOi7:Eu^^ or 

(Ba,Sr)MgAlloOl7:Mn^^ red fluorescejit powder such as (Sr,Ca)ReS:Eu^^ 

Mg3Si04:Mn, 6MgO,As205:Mn^'^ and btM— U ^l>-»fl r UQr e9 c e nt powd e rb lue-liplit 

fluorescent materials such as (Ca,Sr3a)5 (P04)3Cl:Eu^^Gd^"*'. A violet light of 

wavelength about 385 nm is provided as the exciting light. Therefore, after the 

excitation of the exciting light, green fluorescence 620 of wavelength about 510 nm is 

emitted from the gpeefl- 4 4 ^t - fluor e isc e nt powd e r preen-lisht fluorescent materials , a 

blue fluorescence 610 of wavelength about 450 nm is emitted from tlie bluQ light 

fl« Q f QfiQQnt ' powdc r b1ue-light fluorescent materials, a red fluorescence 640 of 

wavelengtli about 660 nm is emitted from the rod light fluot o o o on t powdo r red-light 

fluorescent materials . And a yellow fluorescence 630 is emitted from the yellow light 

fl-H e f e s oont powd e r vellQW-lipht fluorescent materials after a portion of the blue 

fluorescence emitting from the hlue light fluores6Q ftl-^^GVi?de Fblue-.light fl u orescent 

materials is absorbed. Therefore, a white light is generated by mixing at least four 

different color lights and has an excellent color rendering index, 

[0044] According to the above-described embodiments of the present invention, a 

high energy exciting light such as a violet exciting light having a wavelength between 

about 365 nm and about 395 nm, or an ultraviolet exciting light having a wavelengtli 

less than 365 nm is provided to the wliite light LED, In addition, the fluorescent 

powder of the invention is further comprised of high excitation energy state material 

such as groon li^^^ht fluot a goent - powde r ^'een-Ught fluorescent materials or blue light 

fluorescent — powde fblue-ligbt fluorescent materials except for comprised of 

conventional i ^ od light fiuot oaQ ont . powde r red-light fluorescent m aterials or y e llow 

Hpht flunrofioont pow de fvel low-light fluorescent materials . Moreover, the shorter the 

wavelength of the exciting light emitting from the LED chip of the present invention, 
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the higher the energy of the exciting liglit, and tlius the more the fluorescent powder 
that can be reacted with the exciting light, and the iiigher the percentage of the excited 
fluorescent powder will emit fluorescence with brightness proportional to the 
percentage of the excited fluorescent powder. 

i 

[0045] Accordingly, the present invention provides exciting light soturce having a 

5 

wavelength between about 250 nm and 490 nm to excite the fluorescent powder to 
generate the exciting light. Therefore, the excited fluorescent powder is dependent on 
the wavelength (frequency) of tlie exciting light source. Tlae present invention 
provides a white light LED mixed by three, four or more different color lights, 
however, the conventional white light LED is only mixed by two different color lights. 
Therefore, the luminous efficiency and the color rendering index of the wliite light 
LED are better than that of the conventional one. Furthermore, in comparison with the 
conventional wliite light LED constructed by a plurality of LED chips, Hie white light 
LED of tlie present invention is low cost, can be produced using a simple process with 
higher throughput. 

[0046] Furthennore, it is noted that, the exciting light source of the white light LED 
of the present invention may further comprise laser diode or other exciting light 
source except for the LED chips of the above-described embodiments. In addition, the 
composition of tlie fluorescent powder of the piresent invention may be adjusted with 
the property such as color, brightness, etc. of the required emitted wliite light and the 
wavelengtli or other properties of the excitmg light source. Li the invention, a LED 

t 

having a specified color or brightness or, or a full-color LED may also be provided by ! 

I 

adjusting the composition of the fluorescent powders. 

[0047] It will be apparent to tiiose skilled in the art that various modifications and 
va]iations can be made to tlie structure of the present invention witliout departing 
from the scope or spirit of the invention. In view of the foregomg. it is intended that 
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the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and tlieir equivalents. 
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